###### Strengths and limitations of this study

-   The strengths of our study include its large-scale retrospective cohort design with the examination of 12 211 patients diagnosed with CVD and the measurement of high-sensitivity C reactive protein at baseline.

-   In addition, this study investigated the causes of deaths of the CVD pataients.

-   A limitation of our study is the single-centre nature of the study (ie, one teaching hospital).

-   Another limitaion of our study is the confounders such as haemodynamics, comorbidities and other laboratory data that could not be investigated.

Introduction {#s1}
============

Emergency department (ED) patients with cardiovascular disease (CVD) need a timely evaluation for the diagnosis of CVD and the identification of comorbidities. However, the evaluation of patients with CVD transported by an ambulance is often difficult because these patients may have complex medical problems and are sometimes too ill to assist medical staff with important medical information such as time of symptom onset and their medical history. The identification of markers that are associated with inhospital mortality would be useful in the triage of patients with CVD in EDs around the world.

C reactive protein (CRP) is an acute-phase protein produced by the liver, and the serum levels of this protein increase in response to tissue injury, infection, inflammation and neoplastic proliferation. The measurement of serum CRP concentrations is inexpensive and is done routinely to assess patients. In addition, the serum high-sensitivity C reactive protein (hs-CRP) level is known to be a predictive marker of the degree of atherosclerosis and future cardiovascular events.[@R1] Several studies have also observed that elevated CRP predicts the prognosis of patients with CVD at the acute stage.[@R5]

However, there has been controversy over the usefulness of the measurement of CRP as a prognostic marker in ED evaluations in Japan. The objective of the present study was to examine the association between the initial hs-CRP levels and inhospital mortality in patients with CVD and its subtypes, that is, acute myocardial infarction, heart failure, cerebral infarction and intracerebral haemorrhage.

Patients and methods {#s2}
====================

Study design, setting and population {#s2a}
------------------------------------

This was a retrospective cohort study at Iizuka Hospital, a teaching hospital with 1116 beds located at the centre of the Chikuho region of Fukuoka prefecture on Japan's Kyushu Island. This hospital is the only critical care centre for a population of approximately 430 000 people, and over 8000 cases are transported by emergency vehicle to the hospital each year, accounting for approximately 40% of the emergency-conveyance patients in the Chikuho region. Ethical approval of this study was obtained from the Ethics Committee of Iizuka Hospital (CRM-27015). The requirement of informed consent was waived by the ethics committee because of the retrospective nature of the study.

At our hospital, the cases and records of patients who come to the ED are filed separately and are distinguished from those of the general outpatients. In the present study, the patients were recruited from among the ED files, and we evaluated the cases of 57 443 consecutive patients ≥18 years old who presented to Iizuka Hospital's ED by an ambulance between 1 February 2006 and 30 September 2014. Among them, 391 patients had repeated ED visits on 2 consecutive days, and only the index case was used, in order to comply with the assumption of independent observations. At the ED, the leading diagnoses were established clinically using the International Classification of Diseases, 10th Revision (ICD-10). We reviewed hospital's records and cases and excluded 2317 patients who experienced cardiopulmonary arrest and 298 patients who were pregnant.

Of the remaining 54 437 records, 12 830 patients were diagnosed with CVD, which was defined as meeting the criteria in diagnosis codes I00--I99 of the ICD-10 at their ED visit. The 619 (4.8%) patients whose hs-CRP level or white cell count (WCC) at baseline was not obtained were excluded. A final total of 12 211 patients with CVD were included in this study ([figure 1](#F1){ref-type="fig"}). We divided the diagnoses with CVD into acute myocardial infarction (I21--I24), heart failure (I50), intracerebral haemorrhage (I61), cerebral infarction (I63) and 'other' according to the ICD-10 classification.

![Flow diagram of the study. In this study, the cases of 57 443 consecutive patients ≥18 years old who presented to Iizuka Hospital's emergency department (ED) by an ambulance between 1 February 2006 and 30 September 2014 were evaluated. Excluded from the study were 391 patients who had repeated ED visits on 2 consecutive days, 2317 patients had a history of cardiopulmonary arrest and 298 were pregnant. Of the remaining 54 437 records, 12 830 patients were diagnosed with cardiovascular disease (CVD). Six hundred and nineteen (4.8%) patients whose high-sensitivity C reactive protein (hs-CRP) level or white cell count (WCC) at baseline was not obtained were excluded. A final total of 12 211 patients with CVD were included in this study. ICD 10, International Classification of Diseases, 10th Revision.](bmjopen-2016-015112f01){#F1}

Regarding the diagnoses of CVD at the ED, the physicians of the ED performed careful examinations and primary care. The physical examination, electrocardiograph, X-ray, ultrasonography and blood examination were performed immediately. A complete blood cell count and biochemical examination including pH, lactate, creatine kinase-MB, brain natriuretic peptide, D-dimer and troponin assay were available as needed. Brain-imaging data (CT and/or MRI) were also available for patients with neurological abnormalities or a decreased level of consciousness. When a patient was suspected of having CVD, the physicians of the ED were able to contact a cardiologist, neurologist, cardiovascular surgeon or neurosurgeon 24 hours a day, 365 days a year. Based on the examinations by specialists and the test results, the leading diagnosis of CVD complying with ICD-10 was established at the ED. During the study period, no structural changes such as patient uptake, patient flow, the evaluation at the ED and the biomarker analysis occurred.

Data collection and laboratory measurement {#s2b}
------------------------------------------

The following data were extracted from the medical records for each patient: age, gender, diagnosis in the ED, length of hospital stay (days) and outcome. The cause of death was extracted from the death certificate. Blood samples for initial hs-CRP and WCC were collected soon after the patient arrived at the ED as part of the clinical routine and were analysed immediately for every patient. Serum hs-CRP levels were measured with a latex agglutination turbidimetric immunoassay (CRP-latex X2 Seiken, Denka Seiken, Tokyo). The hs-CRP measurement range was 0.2--320 mg/L, and the normal range is \<3 mg/L.

Definition of endpoints {#s2c}
-----------------------

The endpoints were mortality from any cause during hospitalisation. Patients who remained in the hospital on 30 November 2014 were considered alive in this analysis. Patients who did not require hospitalisation and were discharged from the ED were also considered alive, and their stay in the hospital was regarded as 1 day. We divided the causes of death into two main categories using the ICD-10: CVD deaths and non-CVD deaths. CVD death was defined as a death from a cause listed in ICD codes I00--I99, and non-CVD death was defined as a death from a cause other than those listed in codes I00--I99. We classified the non-CVD deaths into the following three subcategories: infection, neoplasm and others. Infection-related deaths included deaths from septicaemia, bacteraemia, endocarditis, pulmonary infections (eg, viral pneumonia, bacterial pneumonia, influenza with respiratory manifestations, abscess of lung or mediastinum), genitourinary infections (eg, urinary tract infection (UTI), pyelonephritis and perinephric abscess), gastrointestinal infections (eg, diverticulitis, *C. difficile* colitis and perirectal abscess), peritonitis, soft-tissue infections (eg, cellulitis, necrotising fasciitis and gangrene) and joint or bone infections (eg, infective arthritis and osteomyelitis). Neoplasm-related deaths included the deaths from codes C00--D48. Deaths from causes other than those listed above were classified as other deaths.

Statistical analysis {#s2d}
--------------------

We divided the patients with hs-CRP levels \>3.0 mg/L into quartiles. The patients with hs-CRP levels ≤3.0 mg/L were assigned to a separate category which served as the reference group, because the 3.0 mg/L cut-off point corresponds to the 'high' CRP level in previous primary prevention studies.[@R17] We calculated the age-adjusted and sex-adjusted or age-adjusted, sex-adjusted and WCC-adjusted HRs for total death from CVD and its subtypes and their 95% CI values using the Cox proportional hazards model. The linear trends of HRs across hs-CRP levels were also tested using the Cox proportional hazards model. The Bonferroni method was used to address issues of multiple subgroup analyses. Bonferroni-corrected statistical significance was defined as p\<0.008 = (0.05/6) in the analysis of total death and p\<0.004 = (0.05/12) in the analysis of CVD deaths and non-CVD deaths. For the distribution plot of hs-CRP levels in the surviving patients, CVD death and non-CVD death groups, we examined hs-CRP values in each group by performing an analysis of variance. Because the distribution of hs-CRP values was skewed, the hs-CRP levels were natural log transformed for the statistical analyses. All analyses were performed using the SAS software package V.9.4.

Results {#s3}
=======

The age range of the patients was 18--104 years (median 76 years; IQR 64--84); 52% (6355) were men and 48% (5856) were women. The median baseline serum hs-CRP level was 1.8 mg/L (IQR 0.6--7.5 mg/L). The median number of hospital days including the date of the ED visit was 14 days (IQR 2--32 days). Among these patients, 1156 deaths were recorded, giving an inhospital mortality rate of 9.5% (CI 0.09 to 0.10).

[Table 1](#T1){ref-type="table"} shows the inhospital mortality and the age-adjusted and sex-adjusted and age-adjusted, sex-adjusted and WCC-adjusted HRs for the inhospital mortality of CVD according to the patients'  hs-CRP levels. A significant association was observed between hs-CRP levels and the absolute risk of inhospital mortality in the total CVD group (p for trend \<0.001). In regard to the subtypes of CVD, the inhospital mortality of the patients with acute myocardial infarction, heart failure, cerebral infarction and intracerebral haemorrhage was also significantly increased as the hs-CRP levels increased (p for trend \<0.001).

###### 

Number of patients and deaths, inhospital mortalities and HRs for total death of CVD and its subtypes according to hs-CRP levels

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Diagnosis at the emergency department                      Total    hs-CRP levels (mg/L)   p for trend (across categories)   Continuous log scale   p for trend (continous)                                                           
  ---------------------------------------------------------- -------- ---------------------- --------------------------------- ---------------------- ------------------------- ---------------------- --------- ---------------------- ---------
  CVD                                                                                                                                                                                                                                   

   No of patients                                            12 211   7375                   1212                              1200                   1216                      1208                                                    

   No of deaths                                              1156     517                    116                               134                    149                       240                                                     

   Inhospital mortality (%)                                  9.5      7.0                    9.6                               11.2                   12.3                      19.9                   \<0.001                          

   Age-adjusted and sex-adjusted HR (95% CI)                          1 (ref.)               1.18 (0.97 to 1.45)               1.32\*(1.09 to 1.60)   1.38\*(1.14 to 1.65)      2.15\*(1.84 to 2.51)   \<0.001   1.15\*(1.12 to 1.19)   \<0.001

   Age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            1\                     1.15\                             1.29\                  1.33\*\                   2.00\*\                \<0.001   1.14\*\                \<0.001
                                                                      (ref.)                 (0.94 to 1.41)                    (1.07 to 1.56)         (1.11 to 1.60)            (1.71 to 2.34)                   (1.10 to 1.18)         

  Acute myocardial infarction                                                                                                                                                                                                           

   No of patients                                            1347     796                    145                               126                    125                       155                                                     

   No of deaths                                              89       28                     4                                 12                     9                         36                                                      

   Inhospital mortality (%)                                  6.6      3.5                    2.8                               9.5                    7.2                       23.2                   \<0.001                          

   Age-adjusted and sex-adjusted HR (95% CI)                          1 (ref.)               0.65 (0.23 to 1.86)               1.80 (0.91 to 3.57)    1.46 (0.68 to 3.13)       4.33\*(2.60 to 7.22)   \<0.001   1.37\*(1.23 to 1.54)   \<0.001

   Age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            1\                     0.62\                             1.64\                  1.14\                     3.44\*\                \<0.001   1.31\*\                \<0.001
                                                                      (ref.)                 (0.22 to 1.76)                    (0.83 to 3.26)         (0.51 to 2.54)            (2.04 to 5.82)                   (1.16 to 1.47)         

  Heart failure                                                                                                                                                                                                                         

   No of patients                                            1742     620                    232                               249                    310                       331                                                     

   No of deaths                                              148      19                     11                                28                     29                        61                                                      

   Inhospital mortality (%)                                  8.5      3.1                    4.7                               11.2                   9.4                       18.4                   \<0.001                          

   Age-adjusted and sex-adjusted HR (95% CI)                          1 (ref.)               1.27 (0.60 to 2.66)               2.29\*(1.26 to 4.17)   1.99\*(1.11 to 3.57)      3.55\*(2.11 to 5.97)   \<0.001   1.35\*(1.22 to 1.51)   \<0.001

   Age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            1\                     1.26\                             2.34\*\                2.07\*\                   3.83\*\                \<0.001   1.39\*\                \<0.001
                                                                      (ref.)                 (0.60 to 2.64)                    (1.28 to 4.26)         (1.15 to 3.72)            (2.26 to 6.49)                   (1.24 to 1.55)         

  Cerebral infarction                                                                                                                                                                                                                   

   No of patients                                            2879     1823                   277                               281                    271                       227                                                     

   No of deaths                                              261      109                    25                                34                     43                        50                                                      

   Inhospital mortality (%)                                  9.1      6.0                    9.0                               12.1                   15.9                      22.0                   \<0.001                          

   Age-adjusted and sex-adjusted HR (95% CI)                          1 (ref.)               1.15 (0.74to 1.78)                1.73\*(1.18 to 2.55)   2.04\*(1.43 to 2.91)      3.02\*(2.15 to 4.22)   \<0.001   1.28\*(1.19 to 1.37)   \<0.001

   Age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            1\                     1.07\                             1.59\                  1.63\                     2.20\*\                \<0.001   1.20\*\                \<0.001
                                                                      (ref.)                 (0.69 to 1.66)                    (1.08 to 2.34)         (1.12 to 2.36)            (1.53 to 3.17)                   (1.11 to 1.29)         

  Intracerebral haemorrhage                                                                                                                                                                                                             

   No of patients                                            1989     1428                   167                               153                    137                       104                                                     

   No of deaths                                              338      201                    39                                32                     29                        37                                                      

   Inhospital mortality (%)                                  17.0     14.1                   23.4                              20.9                   21.2                      35.6                   \<0.001                          

   Age-adjusted and sex-adjusted HR (95% CI)                          1 (ref.)               1.60 (1.14 to 2.26)               1.34 (0.92 to 1.95)    1.33 (0.90 to 1.97)       2.33\*(1.64 to 3.32)   \<0.001   1.14\*(1.07 to 1.21)   \<0.001

   Age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            1\                     1.56\                             1.32\                  1.29\                     2.05\*\                \<0.001   1.12\*\                \<0.001
                                                                      (ref.)                 (1.10 to 2.20)                    (0.91 to 1.92)         (0.87 to 1.92)            (1.42 to 2.97)                   (1.05 to 1.19)         

  Others                                                                                                                                                                                                                                

   No of patients                                            4254     2708                   391                               391                    373                       391                                                     

   No of deaths                                              320      160                    37                                28                     39                        56                                                      

   Inhospital mortality (%)                                  7.5      5.9                    9.5                               7.2                    10.5                      14.3                   0.002                            

   Age-adjusted and sex-adjusted HR (95% CI)                          1 (ref.)               1.41 (0.98 to 2.01)               0.95 (0.63 to 1.42)    1.28 (0.89 to 1.82)       1.43 (1.05 to 1.95)    0.032     1.08 (1.02 to 1.14)    0.009

   Age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            1\                     1.30\                             0.74\                  1.16\                     1.03\                  0.381     1.04\                  0.223
                                                                      (ref.)                 (0.91 to 1.86)                    (0.48 to 1.14)         (0.85 to 1.61)            (1.02 to 1.04)                   (0.98 to 1.10)         
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cardiovascular disease: International Statistical Classification of Diseases and related problems 10th revision (below ICD-10) Diseases of the circulatory system (I00--I99);

acute myocardial infarction: ICD-10 (I21--I24); heart failure: ICD-10 (I50); cerebral infarction: ICD-10 (I63); intracerebral haemorrhage: ICD-10 (I61).

\*Statistically significant after applying a Bonferroni correction.

CVD, cardiovascular disease; hs-CRP, high-sensitivity C reactive protein; WCC, white cell count.

The age-adjusted and sex-adjusted HRs for total inhospital mortality in the patients with hs-CRP levels ≥5.5 mg/L were significantly higher compared with those in the patients with levels \<3.0 mg/L (5.5--11.5 mg/L: HR=1.32, 95% CI 1.09 to 1.60, p=0.005; 11.6--33.2 mg/L: HR=1.38, 95% CI 1.14 to 1.65, p=0.001; and ≥33.3 mg/L: HR=2.15, 95% CI 1.84 to 2.51, p\<0.001). In the same way, the age-adjusted and sex-adjusted HRs for the inhospital mortality of the patients with acute myocardial infarction, heart failure, cerebral infarction and intracerebral haemorrhage also increased with increasing hs-CRP levels, and were significantly higher in the patients with hs-CRP levels ≥33.3 mg/L compared with those with levels \<3.0 mg/L.

In addition, when we determined the age-adjusted and sex-adjusted HRs for one increment in log-transformed hs-CRP concentrations, we observed significant upward trends for inhospital mortality for both total CVD and its subtypes. This association remained unchanged even after adjustment for age, sex and WCC and withstood Bonferroni adjustment for multiple testing.

As shown in [table 2](#T2){ref-type="table"}, when divided the cases separately into CVD deaths and non-CVD deaths, the age-adjusted and sex-adjusted HRs of the cause-specific inhospital deaths increased with increasing hs-CRP levels in both the subgroup of CVD deaths and that of non-CVD deaths (p for trend \<0.001). In the patients with hs-CRP levels ≥33.3 mg/L, the age-adjusted and sex-adjusted HR for CVD death was 1.44 (95% CI 1.20 to 1.73, p\<0.001) compared with that in the patients with hs-CRP \<3.0 mg/L. The HR for non-CVD death, on the other hand, was 12.05 (95% CI 8.06 to 18.04, p\<0.001) in this group. The relationship between the hs-CRP levels and non-CVD deaths was thus much stronger than that between the hs-CRP levels and CVD deaths. Regarding the subtypes of CVD, similar relationships were observed.

###### 

Number of cause-specific deaths, HRs for cause-specific death of CVD and its subtypes according to hs-CRP levels

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Diagnosis at the emergency department                      Total    hs-CRP levels (mg/L)   p for trend (across categories)   Continuous log scale   p for\                                                          
                                                                                                                                                      trend \                                                         
                                                                                                                                                      (continuous)                                                    
  ---------------------------------------------------------- -------- ---------------------- --------------------------------- ---------------------- ----------------- ------------------ --------- ---------------- ---------
  CVD                                                                                                                                                                                                                 

   No of patients                                            12 211   7375                   1212                              1200                   1216              1208                                          

   No of CVD deaths                                          976      484                    106                               116                    120               150                                           

   CVD-related\                                                       1\                     1.16\                             1.23\                  1.20\             1.44\*\            \<0.001   1.08\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.94 to 1.43)                    (1.00 to 1.51)         (0.98 to 1.46)    (1.20 to 1.73)               (1.03 to 1.11)   

   CVD-related,\                                                      1\                     1.13\                             1.20\                  1.16\             1.33\*\            0.002     1.05\*\          0.004
   Age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.92 to 1.40)                    (1.00 to 1.48)         (0.95 to 1.42)    (1.10 to 1.61)               (1.01 to 1.09)   

   No of non-CVD deaths                                      180      33                     10                                18                     29                90                                            

   Non-CVD-related\                                                   1\                     1.55\                             2.67\*\                3.84\*\           12.05\*\           \<0.001   1.77\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.76 to 3.15)                    (1.50 to 4.75)         (2.32 to 6.35)    (8.05 to 18.04)              (1.63 to 1.93)   

   Non-CVD-related,\                                                  1\                     1.52\                             2.61\*\                3.72\*\           11.49\*\           \<0.001   1.75\*\          \<0.001
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.75 to 3.09)                    (1.47 to 4.65)         (2.25 to 6.16)    (7.66 to 17.23)              (1.61 to 1.91)   

  Acute myocardial infarction                                                                                                                                                                                         

   No of patients                                            1347     796                    145                               126                    125               155                                           

   No of CVD deaths                                          70       25                     2                                 11                     7                 25                                            

   CVD-related\                                                       1\                     0.37\                             1.93\                  1.31\             3.51\*\            \<0.001   1.30\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.09 to 1.56)                    (0.94 to 3.95)         (0.56 to 3.05)    (1.98 to 6.23)               (1.14 to 1.48)   

   CVD-related,\                                                      1\                     0.35\                             1.74\                  1.01\             2.71\*\            0.001     1.23\*\          0.002
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.08 to 1.47)                    (0.85 to 3.58)         (0.41 to 2.47)    (1.50 to 4.90)               (1.08 to 1.40)   

   No of non-CVD deaths                                      19       3                      2                                 1                      2                 11                                            

   Non-CVD-related\                                                   1\                     2.82\                             1.21\                  2.59\             10.14\*\           \<0.001   1.73\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.47 to 17.04)                   (0.12 to 11.75)        (0.42 to 15.84)   (2.75 to 37.33)              (1.32 to 2.28)   

   Non-CVD-related,\                                                  1\                     2.71\                             1.11\                  2.07\             8.64\*\            0.001     1.67\*\          \<0.001
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.45 to 16.45)                   (0.11 to 10.81)        (0.31 to 13.72)   (2.32 to 32.27)              (1.27 to 2.21)   

  Heart failure                                                                                                                                                                                                       

   No of patients                                            1742     620                    232                               249                    310               331                                           

   No of CVD deaths                                          98       15                     10                                21                     19                33                                            

   CVD-related\                                                       1\                     1.49\                             2.27\                  1.76\             2.58\*\            0.004     1.23\*\          0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.67 to 3.33)                    (1.14 to 4.51)         (0.88 to 3.48)    (1.39 to 4.79)               (1.09 to 1.39)   

   CVD-related\                                                       1\                     1.49\                             2.29\                  1.78\             2.66\*\            0.003     1.24\*\          0.001
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.67 to 3.32)                    (1.15 to 4.56)         (0.90 to 3.54)    (1.42 to 4.97)               (1.09 to 1.41)   

   No of non-CVD deaths                                      50       4                      1                                 7                      10                28                                            

   Age-adjusted and sex-adjusted HR (95% CI)                          1\                     0.52\                             2.50\                  2.92\             6.80\*\            \<0.001   1.69\*\          \<0.001
                                                                      (ref.)                 (0.06 to 4.68)                    (0.72 to 8.74)         (0.91 to 9.42)    (2.36 to 19.57)              (1.38 to 2.08)   

   Non-CVD-related,\                                                  1\                     0.51\                             2.52\                  3.21\             8.19\*\            \<0.001   1.84\*\          \<0.001
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.06 to 4.57)                    (0.72 to 8.80)         (0.99 to 10.33)   (2.82 to 23.80)              (1.47 to 2.29)   

  Cerebral infarction                                                                                                                                                                                                 

   No of patients                                            2879     1823                   277                               281                    271               227                                           

   No of CVD deaths                                          230      103                    22                                33                     38                34                                            

   CVD-related\                                                       1\                     1.08\                             1.76\                  1.95\*\           2.13\*\            \<0.001   1.21\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.68 to 1.72)                    (1.19 to 2.61)         (1.34 to 2.84)    (1.44 to 3.14)               (1.12 to 1.30)   

   CVD-related\                                                       1\                     0.99\                             1.59\                  1.48\             1.44\              0.012     1.11\            0.008
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.62 to 1.57)                    (1.07 to 2.35)         (1.00 to 2.19)    (0.95 to 2.20)               (1.03 to 1.21)   

   No of non-CVD deaths                                      31       6                      3                                 1                      5                 16                                            

   Non-CVD-related\                                                   1\                     2.07\                             0.92\                  3.08\             18.78\*\           \<0.001   1.95\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.51 to 8.41)                    (0.11 to 7.63)         (0.91 to 10.49)   (7.27 to 48.51)              (1.57 to 2.41)   

   Non-CVD-related\                                                   1\                     2.20\                             0.99\                  3.87\             24.08\*\           \<0.001   2.08\*\          \<0.001
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.54 to 8.99)                    (0.12 to 8.29)         (1.10 to 13.62)   (8.62 to 67.25)              (1.65 to 2.64)   

  Intracerebral haemorrhage                                                                                                                                                                                           

   No of patients                                            1989     1428                   167                               153                    137               104                                           

   No of CVD deaths                                          313      196                    37                                29                     28                23                                            

   CVD-related\                                                       1\                     1.56\                             1.25\                  1.32\             1.49\              0.019     1.07\            0.061
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (1.10 to 2.22)                    (0.84 to 1.84)         (0.88 to 1.97)    (0.96 to 2.30)               (1.00 to 1.14)   

   CVD-related,\                                                      1\                     1.52\                             1.23\                  1.29\             1.30\              0.020     1.05\            0.166
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (1.07 to 2.17)                    (0.83 to 1.82)         (0.86 to 1.92)    (0.82 to 2.04)               (0.98 to 1.13)   

   No of non-CVD deaths                                      25       5                      2                                 3                      1                 14                                            

   Non-CVD-related\                                                   1\                     3.17\                             5.13\                  1.85\             32.57\*\           \<0.001   2.26\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.62 to 16.37)                   (1.22 to 21.58)        (0.21 to 16.09)   (11.41 to 92.97)             (1.78 to 2.86)   

   Non-CVD-related\                                                   1\                     3.05\                             4.97\                  1.77\             28.22\*\           \<0.001   2.21\*\          \<0.001
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.59 to 15.77)                   (1.18 to 20.89)        (0.20 to 15.38)   (9.76 to 81.58)              (1.73 to 2.81)   

  Others                                                                                                                                                                                                              

   No of patients                                            4254     2708                   391                               391                    373               391                                           

   No of CVD deaths                                          265      145                    35                                22                     28                35                                            

   CVD-related\                                                       1\                     1.45\                             0.83\                  1.02\             1.01\              0.894     1.01\            0.750
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (1.00 to 2.11)                    (0.53 to 1.30)         (0.67 to 1.54)    (0.67 to 1.54)               (0.95 to 1.08)   

   CVD-related\                                                       1\                     1.32\                             0.57\                  0.77\             1.03\              0.119     0.96\            0.212
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.91 to 1.91)                    (0.35 to 0.93)         (0.53 to 1.14)    (1.02 to 1.04)               (0.90 to 1.03)   

   No of non-CVD deaths                                      55       15                     2                                 6                      11                21                                            

   Non-CVD-related\                                                   1\                     0.86\                             2.08\                  3.62\*\           4.87\*\            \<0.001   1.44\*\          \<0.001
   age-adjusted and sex-adjusted HR (95% CI)                          (ref.)                 (0.20 to 3.76)                    (0.80 to 5.40)         (1.63 to 8.05)    (2.47 to 9.61)               (1.25 to 1.65)   

   Non-CVD-related\                                                   1\                     0.90\                             2.24\                  3.87\*\           5.30\*\            \<0.001   1.47\*\          \<0.001
   age-adjusted, sex-adjusted and WCC-adjusted HR (95% CI)            (ref.)                 (0.21 to 3.93)                    (0.86 to 5.85)         (1.73 to 8.64)    (2.66 to 10.54)              (1.28 to 1.69)   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Statistically significant after applying a Bonferroni correction.

Acute myocardial infarction: ICD-10 (I21--I24); cerebral infarction: ICD-10 (I63); CVD: International Statistical Classification of Diseases and related problems 10th revision (below ICD-10) Diseases of the circulatory system (I00-I99); heart failure: ICD-10 (I50); intracerebral haemorrhage: ICD-10 (I61).

CVD, cardiovascular disease; hs-CRP, high-sensitivity C reactive protein; WCC, white cell count.

[Figure 2](#F2){ref-type="fig"} shows a box plot of the distribution of hs-CRP levels in the surviving patients and the CVD death and non-CVD death groups. There were significant differences in the hs-CRP levels among the three groups (p\<0.001, respectively). The association was unchanged even after Bonferroni adjustment. The median hs-CRP value was 1.7 mg/L in the surviving group, 3.1 mg/L in the CVD death group, and 32.1 mg/L in the non-CVD death group. [Table 3](#T3){ref-type="table"} shows number of total death, CVD death, non-CVD death and its subtypes and according to hs-CRP levels. The proportions of non-CVD death increased with hs-CRP levels: 6.4%, 8.6%, 13.5%, 19.3% and 37.5% for the above-described hs-CRP groups. Among the deaths of patients with hs-CRP levels ≥33.3 mg/L, 17.1% deaths were caused by infection, 12.1% deaths were caused by neoplasm, and 8.3% deaths were caused by other causes. The number of infection deaths showed a significant positive linear trend with the hs-CRP levels (χ^2^=101.7, p\<0.001). Similar associations were observed for neoplasms (χ^2^ = 67.4, p\<0.001) and the other causes group (χ^2^=15.7, p=0.003).

![A box plot of the distribution of high-sensitivity C reactive protein (hs-CRP) levels in the surviving patients and the cardiovascular disease (CVD) death and non-CVD death groups. There were significant differences in the hs-CRP levels among the three groups (p\<0.001, respectively). The association was unchanged even after Bonferroni adjustment. The median hs-CRP value was 1.7 mg/L in the surviving group, 3.1 mg/L in the CVD death group and 32.1 mg/L in the non-CVD death group.](bmjopen-2016-015112f02){#F2}

###### 

No of total death, CVD death, non-CVD death and its subtypes according to hs-CRP levels

  Cause of death                   Total        hs-CRP levels (mg/L)   χ^2^test     p value                                        
  -------------------------------- ------------ ---------------------- ------------ ------------ ------------ ------------ ------- ---------
  No of total deaths               1156         517                    116          134          149          240                  
  No of CVD deaths, n (%)          976 (84.4)   484 (93.6)             106 (91.4)   116 (86.6)   120 (80.5)   150 (62.5)           
  No of non-CVD deaths, n (%)      180 (15.6)   33 (6.8)               10 (8.6)     18 (13.4)    29 (19.5)    90 (37.5)    127.9   \<0.001
   No of infection deaths, n (%)   64 (5.5)     6 (1.2)                3 (2.6)      5 (3.7)      9 (6.0)      41 (17.1)    101.7   \<0.001
   No of neoplasm deaths, n (%)    49 (4.2)     6 (1.2)                2 (1.7)      5 (3.7)      7 (4.7)      29 (12.1)    67.4    \<0.001
   No of other deaths, n (%)       67 (5.8)     21 (4.1)               5 (4.3)      8 (5.9)      13 (8.7)     20 (8.3)     15.7    0.003

Infection deaths: deaths from septicaemia, bacteraemia, endocarditis, pulmonary infections (eg, viral pneumonia, bacterial pneumonia, influenza with respiratory manifestations and abscess of lung or mediastinum), genitourinary infections (eg, urinary tract infection, pyelonephritis and perinephric abscess), gastrointestinal infections (eg, diverticulitis, *C. difficile* colitis and perirectal abscess), peritonitis, soft-tissue infections (eg, cellulitis, necrotising fasciitis and gangrene) and joint or bone infections (eg, infective arthritis and osteomyelitis). Neoplasm deaths: deaths from International Statistical Classification of Diseases and related problems 10th revision C00--D48. Other deaths: deaths from other than the causes listed above.

CVD, cardiovascular disease; hs-CRP, high-sensitivity C reactive protein.

Discussion {#s4}
==========

The results of this large retrospective cohort study at a local Japanese teaching hospital clearly demonstrated that the risk among patients with CVD for inhospital mortality increased significantly with increasing initial hs-CRP levels taken in the ED. As with total deaths, the risks for cause-specific inhospital mortality from CVD death and non-CVD death also increased significantly as the hs-CRP levels increased. The influence of hs-CRP levels on mortality was greater in the non-CVD deaths than in the CVD deaths.

These findings provide important information regarding critical care for patients with CVD. Prompt risk stratification is important in the management of patients with CVD in an ED. Hs-CRP is a sensitive and non-specific marker of systemic inflammation. A patient's initial hs-CRP level may prove to be a simple and readily available adjunct that could help the emergency care staff to identify patients with CVD who may be at a high risk of death. Several studies have shown that elevated CRP levels at admission in patients with CVD, including those with acute coronary syndrome, ischaemic stroke and acute heart failure, are associated with their mortality.[@R6] In addition, several studies have examined the utility of hs-CRP for predicting all-cause mortality in different settings.[@R18] These results, together with ours, imply that CRP is a valuable biomarker for identifying patients with CVD at high risk of total inhospital death. Although hs-CRP levels are much lower in Japanese populations compared with Western populations,[@R21] our present findings confirmed the utility of measuring the initial hs-CRP in ED settings in Japan. In the present study, initial hs-CRP levels ≥5.5 mg/L were associated with greater mortality in patients with CVD. In addition, the addition of the WCC in the adjustment did not substantially change the HRs in this study. This might be caused by the presence of leucopenia, that is, a low WCC. Although both the WCC and CRP are used as inflammatory biomarkers, patients with leucopenia as the result of a severe inflammatory response or immune suppression might have poorer prognoses.

We also observed an association between hs-CRP levels and cause-specific inhospital mortality from CVD death in this study. When the CVD cases were divided into subtypes of CVD, similar relationships were observed. The mechanisms underlying the association between hs-CRP levels and the risk of atherosclerotic CVD death are still unknown. However, there is a possibility that elevated levels of CRP reflect the extent of infarction and inflammation related to the pathobiology of ischaemic tissue damage.[@R8] In terms of heart failure, it is known that inflammatory markers such as tumour necrosis factor, interleukin (IL)−6 and CRP are elevated in patients with congestive heart failure and correlate with the degree of heart failure.[@R23] These findings and our present results raise the possibility that CRP levels are associated with the severity of CVDs that are related to broad vascular damage. An evaluation of inflammatory risk in patients with CVD should thus be routinely performed to identify high-risk patients in need of additional close monitoring. Although the results of the present study suggested that hs-CRP was a strong predictor of cardiovascular mortality, and several studies have indicated the value of determining the CRP level in patients with CVD, CRP itself is be unlikely to provide an effective target for intervention and is known to be a downstream surrogate inflammatory marker. Moving upstream in the inflammatory cascade from CRP to IL-6 and IL-1 might provide novel therapeutic opportunities to reduce the cardiovascular event rate.[@R26] The results of ongoing clinical trials of inflammation inhibition (such as those of the phase II trial data on canakinumab, a human monoclonal antibody that targets IL-1β[@R27]) are worthy of attention.

Our present analyses also showed an association between hs-CRP levels and non-CVD deaths, and the influence of hs-CRP levels was much stronger in the non-CVD deaths than in the CVD deaths. In addition, the proportion of non-CVD deaths increased with the increase in the hs-CRP level. Although the actual number of non-CVD deaths was not very large, non-CVD deaths accounted for 37.5% of the total deaths among the patients with hs-CRP levels ≥33.3 mg/L. In addition, the median hs-CRP value was the highest in the non-CVD death group, 32.1 mg/L. hs-CRP can be elevated by underlying conditions other than CVD, such as infection, neoplasm and other diseases. In the present patient series, infection and neoplasm were major causes of non-CVD death. However, a non-CVD death cause might be regarded as a misclassification or a complication of a well-classified CVD. Generally, CVD is a common cause of death globally and has shown a relationship with CRP levels, but CRP is an extremely sensitive marker for many diagnoses---not just CVD. Therefore, the patients with CVD and elevated hs-CRP levels in the present study might have had comorbidities at the ED.

Concerning neoplasms, several studies have reported that CRP levels have prognostic value in a wide variety of operable and inoperable cancers.[@R28] In the present study, some patients with CVD with elevated hs-CRP levels on admission might have had a poorer prognosis for cancer and an increased risk of death. Infections, pneumonia and urinary tract infections (UTIs) are the most common infectious complications of ischaemic stroke, and they are independently associated with stroke outcome.[@R31] Current guidelines for the early management of patients with acute ischaemic stroke recommend that patients with suspected pneumonia or UTIs should be treated promptly with appropriate antibiotics.[@R32] However, until, there has been no specific recommendation for the treatment of infectious complications in other subtypes of CVD, such as acute myocardial infarction, heart failure and intracerebral haemorrhage.

In the present study, in addition to cerebral infarction, similar associations were observed between hs-CRP levels and non-CVD death in other subtypes of CVD. Similarly, a prospective cohort study demonstrated that, among patients with ischaemic stroke, elevated CRP levels on admission is a predictor of pneumonia and UTI within 5 days.[@R33] These findings imply that a search for infections and tailored treatment without delay may be indicated for all types of patients with CVD with elevated hs-CRP levels.

There are several limitations of our study that must be acknowledged. The first limitation is that this was a retrospective cohort study at a single hospital. It is possible that our medical care may be different from that at other hospitals throughout the world. However, to maintain its standard of medical care, Iizuka Hospital has affiliations with overseas medical institutions: the University of Pittsburgh Medical Center, El Camino Hospital and Virginia Mason Institute. In addition, our hospital has been designated a residency training hospital since 1989, and it is renowned in Japan as an educational hospital. We thus believe that standard medical care is provided at our hospital.

Second, in this study, the evaluation of hs-CRP values was based on a single measurement in the ED. Since the time to reach the peak hs-CRP level may differ according to the underlying diseases in individual patients, it is possible that the initial hs-CRP levels do not precisely reflect the pathological condition in each disease. This could have weakened the association found in this study, biasing the results towards the null hypothesis. Therefore, the true association may be stronger than that shown in our study.

Third, confounders and covariates other than age, sex and WCC could not be adjusted in this study. It is not our intention to suggest that CRP can replace the clinical evaluation of individual patients with CVD. Rather, we simply report that, in a large cohort, the hs-CRP level was associated with inhospital mortality. Ideally, our analysis would have assessed whether the hs-CRP measurement added prognostic information beyond commonly used risk assessment scoring systems such as the Acute Physiology and Chronic Health Evaluation. Unfortunately, data such as haemodynamics and comorbidities could not be analysed in this study, so we elected instead to focus our analysis only on laboratory data that are routinely available. Further clinical and laboratory investigations are required to explain the association between mortality and the initial ED-measured hs-CRP level in patients with CVD.

Conclusion {#s5}
==========

The results of the present study clearly demonstrated the potential utility of hs-CRP measurement in the ED triage for patients with CVD as well as its subtypes, that is, acute myocardial infarction, heart failure, cerebral infarction and intracerebral haemorrhage. The assessment of hs-CRP at baseline even in patients with CVD may improve the ability to identify patients at high risk of death from not only the primary CVD but also other systemic complications.
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